Background: The larger and softer cuff of the ProSeal laryngeal mask airway (LMA) may cause difficulty in insertion. We introduced a novel technique using a modified tongue depressor to aid the ProSeal LMA insertion. Methods: A total of 150 patients were randomly allocated into three groups of 50 each, digital (D), introducer (I), and tongue depressor (TD). The ProSeal LMA was inserted by the aid of digit, introducer and a modified tongue depressor, respectively. The primary outcomes included insertion time, insertion frequency, pre-and post-insertion blood pressure/heart rate, presence of blood on the ProSeal LMA cuff after removal, and postoperative sore throat. Results: The insertion time was significantly shorter in the TD group than in the D and I groups (23.3 ± 5.1 s vs. 26.8 ± 9.3 s and 27.8 ± 9.5 s; p ¼ 0.025 and p ¼ 0.004). The rate of successful intubation on the first attempt was significantly higher in the TD group than in the D and I groups (98% vs. 84% and 82%; p ¼ 0.035 and p ¼ 0.02). The incidence of blood staining on the LMA cuff after removal was significantly lower in the TD group than in the D and I groups (6% vs. 22% and 24%; p ¼ 0.044 and p ¼ 0.025). The incidence of sore throat in the post-anesthesia care unit was significantly lower in the TD group than in the D and I groups (8% vs. 26% and 28%; p ¼ 0.033 and p ¼ 0.019).
Introduction
The ProSeal laryngeal mask airway (LMA) is a modified laryngeal mask with a larger cuff to improve sealing and a drain tube to avoid pulmonary aspiration. 1 However, the larger cuff may result in difficulty with insertion and can fold over. 2 Digital manipulation and use of an introducer tool are two insertion techniques recommended by the manufacturer. The insertion success rate on the first attempt is lower for the ProSeal LMA, compared to that for the classic LMA. 3 Many alternative techniques have been described to improve insertion of the ProSeal LMA, most of which are performed by priming the drain tube with a guiding instrument such as a suction catheter, 4 gastric tube, 5 gum elastic Bougie, 6 FlexiSlip stylet, 7 Foley Airway Stylet Tool, 8 or even a fiberoptic bronchoscope. 9 Although these alternatives may improve the insertion, some drawbacks remain. For example, protrusion of the guiding instrument outside the drain tube may cause oropharyngeal trauma; moreover, some instruments are very expensive and not convenient for use in routine practice. Here we describe the use of a tongue depressor with a modified shape to facilitate ProSeal LMA insertion. It was hypothesized that retracting the tongue with the modified tongue depressor Conflicts of interest: The authors declare that they have no conflicts of interest related to the subject matter or materials discussed in this article.
would provide more space in the patient's mouth to insert the ProSeal LMA. We compared the modified tongue depressor with standard digital manipulation and introducer tool techniques for ProSeal LMA insertion. The first-attempt success rates, insertion times, hemodynamic responses to insertion, and the incidence of postoperative airway complications were evaluated.
Methods
This study was a prospective, single-center, single-blind, randomized clinical trial. The study was approved by the Institutional Review Board of Tri-Service General Hospital, Taipei, Taiwan (protocol number: 2-103-05-100). Written informed consent was obtained from each participant. Patients of ASA grade I or II aged more than 20 years old who received elective surgery under general anesthesia were included. The exclusion criteria were as follows: risk of aspiration (full stomach, gastroesophageal reflux disease, pregnancy), mouth opening <2.5 cm, upper airway pathology, and cervical spine disease.
Using sealed envelopes, 150 patients were randomly allocated into three groups of 50 each. In the digital group (D), the ProSeal LMA was inserted using the index finger insertion technique. In the introducer group (I), the ProSeal LMA was inserted with the aid of an introducer tool. In the tongue depressor group (TD), the ProSeal LMA was inserted with the aid of a modified tongue depressor (LAWTON GmbH & Co. KG, Germany) (Fig. 1) . Before insertion, the posterior surface of the cuff was lubricated with jelly and the cuff was kept in its natural state with the manual vent open. The D and I group insertion techniques were performed according to the manufacturer's instructions. The TD group insertion technique was performed as follows. With the patient's head in sniffing position, the modified tongue depressor was inserted into the mouth to lift the tongue; then, the ProSeal LMA was placed into the space between the modified tongue depressor and the maxillary incisors (Fig. 2) . After the ProSeal LMA was advanced into the hypopharynx, the modified tongue depressor was removed.
Intraoperative monitoring included electrocardiography, non-invasive blood pressure, oxygen saturation (SpO 2 ) and end tidal CO 2 . Following preoxygenation, anesthesia was induced with intravenous fentanyl 1 mg/kg and propofol 2 mg/ kg. After loss of eyelid reflex and mouth being loosely opened, the ProSeal LMA was inserted. All LMA insertions were performed by two experienced anesthesiologists (YJ Liu and CH Cherng). After insertion, the cuff was inflated to a pressure of 60 cm H 2 O. Anesthesia was maintained in spontaneous breathing with sevoflurane in oxygen. After surgery, the ProSeal LMA was removed when the patient regained consciousness and protective airway reflexes. For each patient, a blinded observer recorded data including age, sex, body weight, body height, LMA size, thyromental distance, modified Mallampati score, operation time, insertion time (from picking up the ProSeal LMA in the D & I groups or modified tongue depressor in the TD group to end tidal CO 2 shown on the monitor), insertion frequency, blood pressure/heart rate (pre-and 1 min post-insertion), presence of blood on the ProSeal LMA cuff (À, þ) after removal, and postoperative sore throat in the post-anesthesia care unit.
The sample size was determined with the assumption of 15% improvement in the first-attempt success rate using the modified tongue depressor for the ProSeal LMA insertion, with type I error of 0.05 and a power of 0.8. Statistical analysis was performed using the KruskaleWallis test for qualitative Fig. 1 . View of the tongue depressor, up: the original tongue depressor; low: the modified tongue depressor which is reformed by bending over two sites (arrows). analysis, and analysis of variance (ANOVA) for quantitative analysis with post hoc comparisons.
Results
The study flow diagram is shown in Fig. 3 . All of the 150 patients enrolled completed the study. Demographic and airway characteristics were comparable in the three groups ( Table 1 ). The insertion time was significantly shorter in the TD group than in the D and I groups (23.3 ± 5.1 s vs. 26.8 ± 9.3 s and 27.8 ± 9.5 s, respectively; p ¼ 0.025 and p ¼ 0.004). The rate of successful intubation on the first attempt was significantly higher in the TD group than in the D and I groups (98% vs. 84% and 82%; p ¼ 0.035 and p ¼ 0.02). All failed insertions on the first attempt in D and I groups were successfully achieved with the TD technique. The incidence of blood staining on the LMA cuff after removal was significantly lower in the TD group than in the D and I groups (6% vs. 22% and 24%; p ¼ 0.044 and p ¼ 0.025). The incidence of sore throat in the post-anesthesia care unit was significantly lower in the TD group than in the D and I groups (8% vs. 26% and 28%; p ¼ 0.033 and p ¼ 0.019). There were no differences between the D and I groups in all of the monitored parameters (Table 2 ).
Discussion
The results of this study showed that use of a modified tongue depressor can facilitate ProSeal LMA insertion and reduce postoperative upper airway complications. The ProSeal LMA is more popular than the classic LMA because of its better seal and prevention of pulmonary aspiration. However, the ProSeal LMA is more difficult to insert than the classic LMA due to its larger and softer cuff, 10, 11 especially when the space between the tongue and hard palate is restricted. During insertion of the ProSeal LMA, the tongue may be distorted and trapped within the cavity of the ventral cuff; in addition, the tongue may be displaced backward when the ProSeal LMA is inserted in advance. In other words, impaction of the ProSeal LMA cuff in the mouth is the main cause of difficult insertion using digital manipulation or an introducer tool, as suggested by the manufacturer. The modified tongue depressor-aided Fig. 3 . CONSORT flow diagram. technique used in this study was able to overcome these limitations, and provided sufficient oral space by displacing the tongue; the ProSeal LMA was easily inserted into the hypopharynx without tongue or oropharyngeal impaction. Therefore, hard palate or oropharyngeal mucosal injury was avoided. In addition, this technique also prevents the cuff from folding over, which can occur during ProSeal LMA insertion. Many alternatives have been described to facilitate ProSeal LMA insertion, most of which are performed by priming the drain tube with a guiding instrument.
4e9 However, some drawbacks remained. Employing a concept similar to that used in this study, classic LMA insertion aided by a laryngoscope showed better hypopharyngeal placement than was achieved with blind digital manipulation. 12, 13 Laryngoscope-aided LMA insertion is a suggested "rescue method" if insertion is difficult with digital manipulation.
14 However, the thicker blade of the laryngoscope may narrow the oral space and impede LMA insertion. The modified tongue depressor used in this study is thin, and may not interfere with ProSeal LMA insertion.
It has been reported that a partially inflated cuff may cause less pharyngeal trauma than a fully deflated cuff. 15 The softer edge of a partially inflated cuff provides this protective effect. The ProSeal LMA is designed with a manual vent over the pilot balloon. The cuff may resemble a partially inflated condition when the manual vent is open. To reduce hard palate or pharyngeal injury, the manual vent was left open during insertion in this study.
Although the difference of the insertion times was statistically significant between the modified tongue depressor group and the traditional insertion technique groups, the difference of only a few seconds may not reach clinical significance. However, the increased first-attempt success rate and the decreased insertion-associated complications may make the modified tongue depressor technique superior to the traditional techniques for ProSeal LMA insertion. The experienced participating anesthesiologists in this study had a firstattempt success rate of 84% with digital manipulation, similar to that in previous reports. 10, 16 Although the efficacy of modified tongue depressor use for ProSeal LMA insertion by inexperienced personnel is unknown, we hypothesize that the modified tongue depressor-aided technique will be superior to digital or introducer techniques, because of an expected short learning curve. This requires further investigation. The firstattempt success rate with an introducer was 82%, and was no better than that with digital manipulation. This may have reflected the limited use of the introducer in our hospital.
Our study had some limitations. First, the anesthesiologists were not blinded to the techniques being used. Second, all ProSeal LMA insertions were performed by two experienced anesthesiologists. This resulted in consistent and controlled insertion, but the results of this study cannot represent practitioners with lesser skill levels. Therefore, another study using novices is needed.
In conclusion, when performed by skilled personnel, success with the modified tongue depressor-guided technique for ProSeal LMA insertion is greater than that using digital manipulation and introducer tool techniques.
